Small lymphocytes circulate through the body by a unique route; they selectively emerge from the bloodstream in lymphoid tissue and recirculate to the blood via lymphatics. Thus, after radioactively labeled thoracic duct lymphocytes (syngeneic or allogeneic) are transfused intravenously, a relatively large percentage of the radioactivity soon accumulates in all lymphoid tissue of the recipient (except the thymus), and by radioautography, labeled small lymphocytes can be seen concentrated in the white pulp of the spleen, Peyer's patches, and lymph nodes. Subsequently, labeled lymphocytes can be recovered from the thoracic duct of the recipient. 1-7 In the present investigation thoracic duct lymphocytes were incubated in vitro with glycosidases prepared from Clostridium perfringens and the effect of this treatment on their fate in recipients was studied.
Small lymphocytes circulate through the body by a unique route; they selectively emerge from the bloodstream in lymphoid tissue and recirculate to the blood via lymphatics. Thus, after radioactively labeled thoracic duct lymphocytes (syngeneic or allogeneic) are transfused intravenously, a relatively large percentage of the radioactivity soon accumulates in all lymphoid tissue of the recipient (except the thymus), and by radioautography, labeled small lymphocytes can be seen concentrated in the white pulp of the spleen, Peyer's patches, and lymph nodes. Subsequently, labeled lymphocytes can be recovered from the thoracic duct of the recipient. 1-7 In the present investigation thoracic duct lymphocytes were incubated in vitro with glycosidases prepared from Clostridium perfringens and the effect of this treatment on their fate in recipients was studied.
Materials and Methods.-Animals: Transfusions were performed between male OsborneMendel rats except where noted. These animals are kept as a closed (but not highly inbred) stock. Donor rats weighed 250-300 gm, and recipients 125-175 gm.
Collection and handling of P32-labeled lymphocytes: A donor rat was injected subcutaneously with about 50 ;moles of H3P3204 (300 p&c) in two equal doses at 12-hr intervals. Twelve hours after the second injection, the thoracic duct was cannulated by usual techniques.8 1 The animal was then placed in a Bollman cage and allowed free access to commercial rat cake and 5% dextrose in saline. The lymph was collected for 8-12-hr periods in 5 ml of saline, containing 20 units of heparin per ml, and kept at 00. Clots, when present, were removed by passing the lymph through a thin layer of cotton wool. Lymphocytes were separated from the lymph by centrifugation at 40 for 5 min at 150 X g. The supernatant fluid was discarded, and the sedimented cells were gently resuspended in 4.0 ml cold isotonic saline; the suspension was divided into 0.5-ml aliquots, and kept at 00 until used. After appropriate treatment, each sample was injected rapidly into the tail vein of a recipient lightly anesthetized with ether. Recipients in each experiment received the same number of cells from a single 8-12-hr collection period, but from experiment to experiment this number varied from 10 to 75 X 101 cells. The injections were completed within an hour after the cells were separated from the lymph, at which time at least 90% of the p82 activity was associated with the lymphocytes, and about 95% of the cells were viable as determined by motility under phase contrast microscopy or by uptake of nigrosin dye.'
Assay of radioactivity in organs of recipient rats: At various intervals after injection, the recipient rats were killed by cervical dislocation, and the spleens (and in some instances other organs) were removed. The organs were minced, spread on planchets, and dried on a hot plate. Radioactivity was then assayed with an end-window gas-flow counter. The dried samples weighed approximately 0.2 gm.
Preparation of glycosidases: The Clostridial enzyme fraction used in this study is similar to the glycosidases used by Morgan and his co-workers' 11 to release sugars from blood group substances. In a typical preparation, 4 liters of thioglycollate media (Difco) were inoculated with a culture of Clostridium perfringens (ATCC 10873) and growth continued for 72 hr at 37°. Bacteria were removed by centrifugation, and to the supernatant solution was slowly added an equal volume of acetone while it was cooled to -100. The precipitate was collected by centrifugation, dissolved in 50 ml of water, and (NH4)2S04 was then added to 70% saturation. The protein precipitate was redissolved in 8 ml of distilled water, and the resulting solution dialyzed overnight against distilled water. After removal of insoluble material by centrifugation, the dialyzed prep-VOL. 52, 1964 BIOCHEMISTRY: GESNER AND GINSBURG 751 aration which contained 3.7 mg protein per ml,"2 was heated at 450 for 10 min and used for the experiments described in this paper. This fraction, like the preparations described previously by Morgan and his co-workers,'°0 II contains many glycosidases and liberates fucose, galactose, and Nacetylhexosamine from red cell stroma. It also removes the surface sugars of tumor cells as shown histochemically by Gasic and Gasic. 13 The activities of various preparations were estimated from their ability to liberate N-acetylhexosamine from red cell stroma under the following conditions: enzyme protein, 0.4 mg, was incubated at 370 with 3 mg (dry weight) of red cell stromal in 0.4 ml of 0.03 M phosphate buffer, pH 7.1. At various times, aliquots were deproteinized' land N-acetylhexosamine (measured as N-acetyl-D-glucosamine) in the supernatant solutions determined.'6 The enzyme preparation used in this paper liberated 0.08 /mole of N-acetylhexosamine/hour/ mg of enzyme protein. Other preparations liberated 0.02-0.1 pmole under the same conditions.
Results. -Effect of the enzyme preparation on the distribution of transfused lymphocytes: For several hours after transfusion of P32-labeled lymphocytes, a relatively large percentage of the total radioactivity injected was found in the spleen. Assay of this organ in recipients served as a convenient method for determining whether treatment of donor lymphocytes with the enzyme preparation affected their fate in recipients. With the techniques used in this study, 30 min after receiving P32-labeled lymphocytes, about 20-25 per cent of the total radioactivity injected was found in the spleen, in contrast to less than 5 per cent with heat-killed lymphocytes (450 for 10 min), or less than 2 per cent with H3P3204.
When P32-labeled lymphocytes were incubated briefly in vitro with the enzyme and then transfused intravenously, less radioactivity appeared in the spleen of the recipient than when enzyme was not in the incubation mixture. Increasing amounts of enzyme caused greater reductions in the label recovered from the spleens as shown in Table 1 . Injection of enzyme separately, immediately before transfusion of untreated lymphocytes, had no effect. In none of 15 similar experiments was the uptake of radioactivity in the spleen reduced to less than 15-25 per cent of the control value regardless of how much enzyme was used. Similar results were obtained when syngeneic transfers were performed.
Spleens removed at 1, 3, 8, and 12 hr ing amounts of label in the spleen as shown in Table 2 . Increasing incubation time beyond 15 min did not result in greater reduction, and the maximum decrease was to about 20-25 per cent of the untreated controls.
The effectiveness of the enzyme preparation in inhibiting lymphocyte accumulation in the spleen was decreased by heating, as shown in Table 3 . This decrease Samples of the crude enzyme preparation were heated at the indicated temperatures for 10 min. Subsequently each sample of the enzyme preparation was tested for its ability to inhibit the uptake of radioactively labeled lymphocytes in the spleen of recipients and to liberate acetylhexosamine from red cell stroma. Each enzyme sample was incubated with a lymphocyte suspension containing 1200 cpm for 5 min at 240. The spleens were removed from the recipients 30 min after injection of lymphocytes. The specific activity of the enzyme (,pmoles N-acetylhexosamine liberated/hour/mg protein) was determined as described in the text. reduced the accumulation of radioactivity in the spleen. The two active sugars in combination were no more effective than each singly. Maximum protective effect was obtained at a concentration of 6 mg/ml, as shown in Table 5 . Sugars injected along with untreated lymphocytes or added to incubation mixtures of lymphocytes with enzyme at the end of incubation had no effect on the accumulation of lymphocytes in the spleen.
Enzyme treatment not only led to decreased lymphocyte accumulation in the spleen but in lymph nodes as well; also, increased radioactivity was found in the liver (Table 6) . N-Acetyl-D-galactosamine partially reversed these effects. The conditions of incubation were the same as described in Table 4 , except that in this experiment the recipients were killed 1 hr after injection. Each lymphocyte sample contained 8800 cpm.
Effect of the enzyme preparation on lymphocytes in vitro: The previous results show that treatment with enzyme drastically changes the distribution of transfused lymphocytes in the organs of recipients. After incubation of lymphocytes in 0.5 ml saline with 50 ,gg enzyme at 240 for 5 min, the cells appeared unchanged morphologically under the light microscope, and there was no substantial increase in leakage of p32 from the cells. A centrifuged sample of the treated cells had 8 per cent of its total radioactivity in the supernate solution as compared to 7 per cent for a comparable sample incubated without enzyme. Treated and untreated saline suspensions of lymphocytes, after 5 min incubation, were diluted to 2 ml with TC medium 199 (Difco) containing 15 per cent calf serum and viewed by phase contrast microscopy for 3 hr at 37°. During this time, about 90 per cent of the cells in both samples showed typical lymphocyte motility. Also, at the end of 3 hr there were no differences in the percentage of cells that took up nigrosin dye in the enzymetreated and untreated samples. Apparently at the time the enzyme-treated cells were injected into recipients (i.e., after 5 min incubation in most experiments), they were not so severely damaged as to prevent them from exhibiting characteristics of "viability" three hr later. However, the lymphocytes were altered by treatment with enzyme. When treated cells were centrifuged after 5 min incubation and then resuspended in fresh syngeneic or allogeneic rat serum, microscopic examination showed the cells in most samples to be loosely agglutinated after 30 min at 370. This loose agglutination was not observed in control samples.
Discussion.-The mechanisms which control the circulation of lymphocytes are of special interest because these cells circulate through the body by a unique route. Unlike other cell types, lymphocytes emerge from the blood in lymphoid tissue and recirculate to the blood via lymphatics. There is evidence that this process depends, in part, on the unique association between lymphocytes and the endothelial cells of the postcapillary venules in certain lymphoid tissue, for it is through these cells that lymphocytes, and only lymphocytes, emigrate from the blood and enter the parenchyma. [1] [2] [3] [4] [5] [6] [7] The present work indicates that alteration of lymphocytes by glycosidases pro-foundly affects their fate in the body. This conclusion is based primarily on the finding that the effect of the Clostridial enzyme could be specifically inhibited by the presence of certain sugars in the incubation mixture. Watkins and Morgan found that hydrolysis of A, B, and H blood group substances by enzymes from Clostridium perfringens or Trichomonasfoetus can be prevented by different sugars and that these sugars act by inhibiting their respective glycosidases.17 Similar mechanisms presumably are responsible for the protective effect of N-acetyl-D-galactosamine and i,-fucose in our experiments. This view is further supported by the finding of Gasic and Gasic'3 that removal of surface sugars of tumor cells by our enzyme preparation could be completely prevented by the presence of N-acetyl-D-galactosamine or D-galactose and partially by -fucose.
The evidence that glycosidases were responsible for altering the fate of transfused lymphocytes makes it likely that the effect was mediated through a change in the surface sugars of these cells. However, it is not clear from the present experiments how such changes contributed to the observed effect. It is possible, for eyample, that cleavage of sugars from lymphocytes exposes new sites which lead to their removal from the circulation by reticuloendothelial cells. The loose agglutination of enzyme-treated cells incubated with syngeneic serum in vitro, and the fact that there is an increase in radioactivity found in the liver after intravenous injection of these cells, would favor such an interpretation. When erythrocytes are treated with similar enzymes, new antigens develop on their surfaces ("T" antigens) which renders them panagglutinable. 18, 19 However, it is also possible that the integrity of the sugars on lymphocytes is necessary for these cells to traverse their unique route through the body by acting as sites recognized by complementary structures on the surface of endothelial cells in the postcapillary venules of lymphoid tissue. This interaction could be a critical event which controls the selective emigration of lymphocytes from the blood into 1 Gowans, J. L., Brit. J. Exptl. Pathol., 38, 67 (1957 
